Role of human heme oxygenase-1 in attenuating TNF-alpha-mediated inflammation injury in endothelial cells.
Heme oxygenase (HO) is the rate-limiting enzyme in the formation of bilirubin, an antioxidant, and carbon monoxide (CO), a cell cycle modulator and a vasodilator. Cyclooxygenase (COX) is a hemeprotein that catalyzes the conversion of arachidonic acid (AA) to various prostanoids, which play an important role in the regulation of vascular endothelial function in normal and disease states. The influence of suppression or overexpression of HO isoforms on COX expression and synthesis of prostanoids is of considerable physiological importance. Consequently, the goal of the present study was to determine whether the heme-HO system regulates COX enzyme expression and activity in vascular endothelial cells in the absence and presence of TNF-alpha (100 ng/ml). Endothelial cells stably transfected with the retrovirus containing the human HO-1 gene exhibited a several-fold increase in HO-1 protein levels, which was accompanied by an increase in HO activity and a marked decrease in PGE(2) and 6-keto PGF(1alpha) levels. We also assessed the effect of retrovirus-mediated HO-1 gene transfer in the sense and antisense orientation on HO-1 expression and cell cycle progression in human endothelial cells. The levels of CO and HO activity were increased in cells transduced with the HO-1 sense and were greatly suppressed in cells transduced with HO-1 antisense as compared to control sham-transduced cells (P < 0.05). The percentage of the G(1)-phase in cells transduced with HO-1 significantly increased (41.4% +/- 9.1) compared with control endothelial cells (34.8% +/- 4.9). We measured COX activity by determining the levels of PGI(2) and PGE(2). The levels of PGI(2) decreased in cells transduced with HO-1 sense and increased in cells transduced with HO-1 in antisense orientation. The expression of p27 was also studied and showed a marked decrease in cells transduced with HO-1 sense and a marked increase in the HO-1 antisense transduced cells. Cell cycle analysis of endothelial cell DNA distributions indicated that the TNF-alpha-induced decrease in the proportion of G(1)-phase cells and increase in apoptotic cells in control cultures could be abrogated by transfection with HO-1 in the sense orientation. Tin mesoporphyrin (SnMP) reversed the protective effect of HO-1. These results demonstrate that overexpressing HO-1 mitigated the TNF-alpha-mediated changes in cell cycle progression and apoptosis, perhaps by a decrease in the levels of COX activity.